Cytochemical studies on the biosynthesis of hemoglobin have generally been carried ont by detecting it in the earlier erythropoietic cells of each developmental stage from the view poit of its commencement, localization and activity.
There was formerly an opinion of LOELE (1910) , VILLA (1930) and KNOLL (1931) , nuclear theory of hemoglobin synthesis, which was drawn from the purely morphological findings that nuclear acidophilia of the earlist cells was accomplished at the basophilic erythroblast stage developed from the blood stem cells, while the cytoplasm, entirely basophilic at the stage, manifested polychromatophilia by way of perinuclear acidophilia and at last became completely acidophilia.
Some of the histochemists, SLONIMSKI (1936) and so forth, investigated the peroxidase reaction belonging to hemoglobin and found that in cytoplasm and nucleus of erythroblast in the circulating blood of amphibian embryo the reaction of peroxidase was generally positive, but in some of the erythroblasts only the nucleus had its positive reaction. And they arrived at the same conclusion.
On the other hand, SORET (1878) studied on the monochromatic absorption of the biological substances and found the specific band in the absorption of heme and its compounds, he named it Soret band. According to COLE and BRACKETT (1940) , this Soret band has the same pattern of heme absorption in cell and solution.
BRACKETT and DUSTIN stated that RNA (ribonucleic acid) might take parts in the formation of hemoglobin, and CASPERSSON suggested that the RNA had relationship to the protein synthesis. Those two conceptions allowed THORELL (1947) to achieve the brilliant attribution to hematology. He used monochromatic search the juvenile forms of red blood cell in their different phases of maturation, and suggested that hemoglobin could be already in the cytoplasm of basophilic erythroblast, and RNA, much abundant at the growth period, decreased in inverse propotion to the accumulation of hemoglobin (means the cellular differentiation) and the greatest potentiality of hemoglobin synthesis was found at the polychromatic phase. If all proteins, including ones of hemoglobin, are mainly produced in cytoplasm in co-operation with the cellular development, the problems which remain to be solved are which cellular particles do the formation of heme, prosthetic group, and its combination with the globin protein. And how should be interpreted the intranuclear hemoglobin of earlier erythroblast which was reported by many authors?
We know great attributions to the series of biochemical investigation which was focused to search the potential organelles to synthesize the heme and its compounds. With autoradiographic results (NAKAO and NAGI 1958) that Fe59 was incoporated to heme in the nucleus of the earlist erythroblasts, they assumed that nucleus of the cell of the earlist erythropoitic series has the role of hemoglobin synthesis. In order to support that conception, they examined the heme absorption of the series of erythroid cells and found the cells having the absorption at Soret band in the nucleus only.
WALSH (1941 ( ), JENSEN (1953 and THORELL (1953) reported that nonnucleted erythroblast, reticulocyte, had an ability to produce hemoglobin. SENO (1957 SENO ( , 1958 recognized the mitochondria in the reticulocyte with reticular structures as endoplasmic reticulum, and he suggested that synthesis of hemoglobin proceeded most actively in the reticulocyte atage. He also referred no evidence of intranuclear production of hemoglobin.
SANO (1955) discovered mitochondria in basophilic stippled cell of peripheral blood of maus poisened with lead, and confirmed that mitochondria played great important role to the metabolism of porphyrin and heme compounds (1958) .
Not speaking of authors who stood to the intranuclear theory of hemoglobin synthesis, however, even all the investigators, who claimed the cytoplasmic stemming of hemoglobin, have similarly described that the hemoglobin appeared in the nucleus of early cell of the erythroid series. As showed definitely by WILKINS and CARVALHO (1953) and with cytochemical (RALPH's and leuco dye stain methods for hemoglobin) and phase contrast microscopical techniques and by CARVALHO (1955) with michrospectrographical method, the intranuclear hemoglobin is demonstrated under the forms of granulation and considered that it was localized among the meshes of the chromatin net work. But no one has reported the diffusal picture of hemoglobin in the nucleus.
As mentioned above, the quetion of origin of the intranuclear hemoglobin remains still to be not decisively solved, if all hemoglobin were formed in the cytoplasm. METCALF, too, referred the requirrance of further investigation on it. Resuming from the above mentioned reports, I summarized that there were two theories on the formation of intranuclear hemoglobin in the erythroblast, namely as follow: 1. THORELL assumed that the hemoglobin in the nucleus might be thing which had been taken into the nucleus by its adhering to the chromosomes at mitosis. 2. SEND (1958) researched the permeability of nucleus menbrane of erythroblast by using his original supravital stainning with Nile blue solution and successed to get pictures which evidently indicated that the nucleus of erythroblast had such an increased permeability to the dye like those of dead cells. He decided that intranuclear hemoglobin might be immigrated from the cytoplasm into the nucleus.
In consequence of those, a few of question occurred to me. If production of hemoglobin is limited to the cytoplasm, may hemoglobin be detected in the cytoplasm alone of the numbers of proerythroblast, because METOCALF detected hemoglobin in the proerythroblast? Are we able to find commonly such cases as the absorption of heme limited to the nucleus of basophilic erythoblast, as showed by SLONIMSKI and NAGAI, or as the absorption has stronger intensity in whether the cytoplasm or the nucleus of the the primitive blood islands were removed from the vascular area of germinal zone of the yolk sack with a iridectomy pincette and the blood was obtained from the extra embryonal vessels, in which the blood circulation just begun.
These materials smeared on quarz slide glasses were treated with formol vapour for 24 hours and fixed with methanol, by these procedures all hemoglobin turned to met-hemoglobin and the blood cells could not be broken in glycerin immersion.
the super high pressure mercury lamp (UV. microscope: Model MBO Olympus was used).
Hemoglobin was stained by RALPH's method.
GIEMSA's and MAY-GRUENWALD-GIEMSA's method were applicated for determining the developmental stage of erythropoietic cells.
Primitive blood cells ( Fig. 1 and 4 ). These cells are very voluminous (average incubated embryos and generally appear in groups near the accumulations of mesoblastic elements. They are easily distinguished from increasing their distinct acidophilia of the nuclei and basophilia of the cytoplasm. Although some of primitive blood cells have small protuberances like bubbling of cytoplasm and they seem as if the cytoplasm were fused each other, the primitive blood cells are mostly round in shape, and the cytoplasm with very plentiful vacuoles, which fill large parts of the cells closing the less matured, is perfectly basophilic. A definitely acidophilic nucleus is very large and has clearly visible fine chromatin, and some nucleoli are all of a lump and stained with condense red-violet. However, there is no granulated feature which commonly arises in the chromatin net work of more matured cells (basophilic megaloblast).
These cells were negative to cytochemical method for hemoglobin and heme absorption in Soret band.
Promegaloblasts
( Fig. 2 and 5 ). In about 35-45 hours incnbated embryos, it can be made out with naked eye to observe that more large and whitish primitive blood islands are put in a chain surroundig the peripheral zone of vascular area. At this period, some islands, mostly consisting of promegaloblasts, are noticed in the The heme absorption at mosignificantly photographed at the cytoplasmic region (Fig. 7) (Fig. 10) .
As to the pictures of mitosis (Fig. 11) , the heme absorption localizing in sites of chromosomes at the anaphase of cell division is stronger than in the rest of cytoplasm and has the similar granulated features like those in the rest-phase.
With the fact that the hemoglobin increases rapidly its concentration in the nuclei of cells of the basophilic megaloblast phase, this figure of mitosis suggestes that some of the hemoglobin may be taken into the nucleus by means of its adhering to the chromosomes or interchromosome spaces.
They say that the blood forming cells proliferate with rhythm. According to ASTALDI and his co-workers (1953), they studied on the proliferation rhythm of primitive embryonic erythroblasts in yolk sack of chicken and summerized that such a proliferation was not synchronous, but governed by the law of fluctuating variability. However, it can be easily asserted that the primitive embryonic erythroblasts proliferate and mature as a function of time factor, if fresh eggs are incubated at the same temperature and humidity.
This was so sufficient and convenient to search some numbers of erythropoietic cell at a certain developmental stage under a microscopy, because the great number of them smeared on the same slide glass stood for either case of the series of erythropoiesis. STOLTI (1935) The heme absorption and hemoglobin stainning are positive in the cytoplasm, but negative in the nucleus. Although it must be reasonably so dangerous to deny the intranuclear hemoglobin from only these results, it is not excessive to say that there is no such a grannlated hemoglobin among the meshes of the chromatin net work that all authors have described as to intranuclear hemoglobin.
At the following stage of maturation, heme absorption and cytochemical activity increase their intensities in the cytoplasm and appear in the nucleus, in which the absorption pictures are very characteristic granules, and these granules lie scattered throughout the nucleus except the site of nucleoli. In observation on each developmental stage from primitive blood cell to basophilic megaloblast, such a cell that heme absorption limited to the nucleus or was significantly stronger in the nucleus than in the cytoplasm has never been found as in the case of SENO and his co-workers.
Therefore, I am very doubtful of the conception of NAKAO and NAGAI that the heme formation is taken place in the nucleus of earlier erythroblast and the faculty of heme production is removed to the cytoplasm at later stages. As described in the introduction, SENO has suggested that intranuclear hemoglobin might be caused by its immigration through the nuclear membrane. Granted that it is true, what kind of kraft is that that makes such large cytoplasmic molecule as hemoglobin immigrate into the nucleus, where RNA is still vegorausly immigrating from nucleus to cytoplasm?
No matter that there has been obtained no decisive evidence to deny the permeability of nuclear membrane to the nuclear direction, I will want to agree with THORELL, because the mitotic period is only one chance to allow the chromatin substance to be directly in the cytoplasmic, and the granules of hemoglobin which were localizing in the sites of chromosomes were photographed by me at the anaphase of cell division.
The author examined the appearance of hemoglobin in the earlier cells of the erythroid series in the extravascular blood forming areas, primitive blood islands,
